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(54) SILICON SINGLE CRYSTAL AND EPITAXIAL WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an epitaxial wafer for high-density integrated devices having sufficient 
gettering effect without the need of increasing processes, and to obtain a silicon single crystal suitable for 
producing such wafers. 

SOLUTION: This silicon single crystal suitable for epitaxial wafers is obtained by growth through doping nitroger 
1 13 atoms/cm3. The other objective epitaxial wafer is obtained by growing an epitaxial layer on the surface o 
the above single crystal. A second version of the objective wafer is obtained, using the above single crystal, by 
growing epitaxial layer on the surface of such a wafer as to generate OSF at 102/cm2 on the surface when 
subjected to thermooxidative treatment. A third version of the objective wafer is obtained, using the above sing 
crystal, by growing epitaxial layer on the surface of such a sliced cut piece as to generate defects at 5 x 
103/cm2 on the section after subjected to heat treatment at 1,100° C. 




LEGAL STATUS 

[Date of request for examination] 06.08.1 999 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2000 Japanese Patent Office 



Mo 



(19)02(cS«FfFjt (JP) 



02) & ^ # 11= ^ $R (A) 



189493 

(43)4iliH ^dJl 1^0999) 7.^130 



(SDIntCl.* 
C 3 0 B 29/06 
HOIL 21/02 
21/20 
21/322 
21/36 



F I 

C 3 0 B 29/06 * A 

HOIL 21/02 B 
21/20 

21/322 Y 
21/36 





flll¥9 - 358557 


(71)tUffiA 


000002118 












¥^9 ¥ 0997) 12^250 










(72) ^mm 


mas 3s- 
























^ lEK 








*fefilftfl=»Pfl::|fcBr:;fe^±/Jvffl2201#»'ft 
























&«Jft«=&8Ki:;JtlBr*^±/J'iH2201«»ft 














(74) A 













(54) [mm<r>^m sxua>#j»ft;ti^t;xtf5^=^->'v;i''>x-A 



(57) 

mm] nm^i^tcttj: < ^ >; >^$m^ 
^^m^mmm^^^ ^ x^cox h* ^ ^ ;b ^ ^ 

(1) ^^^10^ ' atoms/on^ «± K-:?' or 
U/c X t* ^ 1^ JU X - />ffliCii b /c 
(2) ^(Dmm^^mi\ ^S{<:xb-^^s-i>;b;i 
5 -It C i ^l^m i T S X h' iS? ^ ^ ;l/ -ir X - 

(3) ^(Dmm^^m^^tc. mmimmutcm^^cm 

Hr O S F ib^lO' /cm' Jy±#fe^-r 6^:^ ">'^ CD^ffi±CC 
xt*^ + s^i';u®*^g$'tffc^:c-^A„ (4) ^<Dm*£ 

B^?: ffl I ^ /C. 1100''Ca±<DlS^iO:IlfItC Kffi r 5 X 10^ /c 



1 

1 ] ^^^Itf 'atoms/cm' «± K-^^'brWfiS 
5 n ^ C <!: ^^^Ht <h -r X f ^ + f ;U ^ tciS 

[ 2 ] ' atoms/cm^ W± F :7* L T 

St i ^ ^ X b' ^ 1- J I":; X - / A „ 
Cii3t:53 ] ^^^10^^ atoms/cm^ «±K-:7*0TW^ 

[if3c^4 ] 10^^ atoms/cm^ J^± K~-:7*0rW^ 

S3 -l^/c C i ^iff i X b- ^ + -V> ;l/ "i? :c - 

[ 0 0 0 n 

[0 0 0 2 ] 

-^^(fCU. iimtf' atoms/cm' gScDS^«;ii^^Snrii 

gr, y -)VYmt^(OL.OCOS (local oxidatio 
n of silicon) CC J: ^J^^^-^ x;l/f£ft;jM(D^;SCC, n 

m^mx{mm<D^\~fj^tmc^'^x. /s^ife+umMS 

^Di|gH^^^RBOAd:C^DZ^ (denuded zone):0iJ^/S5 n 



(2) it#5B¥ 1 1 - 1 8 9 4 9 3 

2 

g^^g^Wc. j:-^'^^i^'\>Jl^O :^-^^t^m§^ttl. 
^mm!kT^^^:^(^c0^<mi.>hti^<^'?(,crj:^XK^h. 
[0 0 0 5] C<DJ:^ifCLX. ^x-Agl[(7:)f-V<>f X 

. mm^mmmt-r -5 p x t it*s(^c ^ r 
^o«^:{)^iiL. ¥mi>:K^<rj:^x<6. mmomm 

^>2>. ctiiit. mm(icj:y)iSiALx^fc^mm7tm^y' 

[0 0 0 6 ] ^mm^H^Ttmu. mmnuxs \ 
Lx. ^mptm^am^c^^m^rji^^ i^Pmoxm^^ 

^^(>cx&SLtn&<Dmms^m^Mttmm^cmair6 

^y >^';>^{3:. $>^mA<Dmmt^^m^tixi^^s 
50 4D^n?&i^>Sc ^ti^cnm^tj:yy^^i'^htc}^<omm 



3 

[0 0 0 8 ] 
[0 00 9 ] 

(DmMxmc. mitmtmm^m (oxidation-induced 

stacking fault rJ^T^CC fOSFj tW^) t^h^. 

monm^^m^-t^mm^m^. o s f (o^^t s 

S i #iKB^(D*i7x-M?:, 1000-'1200'C{Cri--20H$M 

[0010] il^. O S F y >^ti. iti^Cii|femn^^e+?^ 
[001 1 ] C(DOS F U >^Mii<D*SB^Bi^Pfi(c<i:^y 

[0012] 0 . c zmcxm^^^cmm^ k-. 

*W±T^C<!: (iftMK60-25119O^<2j$R) . 'i? x 

<^mxhh. -E-cr, osF y >^/(Diti>5:S£7tu. 



(3) i^M^ 1 1 - 1 8 9 4 9 3 

4 

U/c« -eOifSm. K-^^'-r^Sl^cDM^SrlO^' atoms/cm' 

w±i-rn«. y-:^^ vv^ccw^j^^osF^^^^ifs 
^ :^mM^mci6{.>xnmmu^' 3? >; > ^^f^ffl^wr 

[00 13] C(Dxt'5? + i^-t^JHi^?fJfi£$i±/c'^:c- 

*JCAj:o/ciC6. I!a^{tffiafgtc. ^ffi6crOSF;()^ 
20 ll!i^{b*!LJl(ci:o-C0SF7&^^^II^t<±^i-r6J;^ 

[0 0 14] ^/c. j:-\:::^^U^Jl'm<Dmmt. ^ ^ - 

^ iioo°CJi<±(c»n?gt L r c j!;c ^ aym'f ^Li.\ ^ c 

jfi-ox^o tcm^^^n<Dxmmc x-^xnh titch<Dx 
[0015] ^wmm^\t'^x<om^xh^o 

[0016] (1) ^^^10^^ atoms/cm^ iy± \'-y'LX 
[0017] (2) mm^xo^'^toms/ciu'^AAL K-:7'Lr 

[0018] (3) ^^^10*' atoms/cm' Ji(± K-t^Xr 

^^^¥uoy 0:^- >' ^coaffi±^c: x f ^ + 3 
#:^c c i i f ^ X f ^ + 1- ;i/ 'i; ;«: - y ^. 
[0 0 1 9] (4) mM^lO" ' ^tans/Off iU±\^-y'LX 

50 s^s5■t±/cci^^^ik<L•r-2>ib*^+i>-t'^^'^x--^^„ 



5 

[0020} 

10' ' atoms/on^ W± t-T^O^lit. CtiJ^K^ ^MM^^^Pti: 
^^d^*S^CC^cO-^-r< UhO^. 4.5X10'^ atoms/c 

[0 0 2 1 ] \'-y'(oyimtbxu. mmcommomm 

[0 0 2 2 ] ±iecDS^^ K--7- bfc^*S^^X5-Y;^ 
rj:yji£Ti>^i^\ CCOi.^ tC^^^lO' ^ atoms/cm' jy± 

affir O S F Itf ffl/on' «±^^-r -2) J: ^ ^ y ^ 

^^^^^^ )im^^^m^ u imoo°cw±<7)f^MJif^ic. 

[0 0 2 3 ] 

a>^ K'->'^*> hi tTitS ISOrmi CDJSS^ffi <100> 
CDm*SS4r?It±tfaS 0.6ram/m1n i 
[0 0 2 4] *-rfi]d?)tC. ^<D^tt]^**0^?>;():>^-r 

i^itC^giS-r-SCiCCcfcO. ^^F->'*S:()i 10' \ 10 50 



1 1 - 1 8 9 4 9 3 

6 

' ' ^ /ctilO' * atoms/cm^ t^ti'etimrj: 6 3 a6D^,t5S 
[0 0 2 5 ] cn6W^f^<0#«SB^?&^6, iSe^tttcSiSj 

yt^mmmicx o s f «jt ^iws u/co' 

[0 0 2 6 ] (31^. ^«:tr^2SAtcJ:0 F'-:7*S^^ 
&3:^/c^^:=^7:^;Cl5^A^tirj^< . 400iTm. 700miniWT 

{4g;05T:^?5-s>^c-:)nr^ b'-y*m.'^mmux\.^^. c 

n?&^e>?g630^^j:J:^CC, ^^F-:?'*^5Jt-ri, OSF^ 
> ycDitiiO^it U . U.mti±W^C O S F ;&5^ffi-r ^ J: ^ 

[0 02 7 ] ^2tC. ^ F-:?'a<DU-<;U^^Ar^ 

10' ' atoms/cm' T ti^jga^^Oi^ST <i O S F ^ 
m^^'m>UXOt^f)K lO' ' atoms/cm^ CCi^j; 6 i M^^L 
Xh. •f)^rj:iO<DOSF^m^mn^tl. lO'* atoms/cm^ 
rt^. |ft:;?[&]'C4>l^l-?^cC]Bl^.OSFgg3&n#6ti^C<h 

[0 0 2 8 ] CII;^^J 2 J 1 ^CTIO' ' atoms/cm^ 

oDmm^i'-y'Ltcmis^t^hnhtitc^c^-^^i^c. m 

^^^nSO'CffCXm^^ 5 Mm CDXfc:*3?=^^->-vJHi^ 

^>^mx 5 »momiRxv^>^^:hctj:\.\ it^ 

[ 0 0 2 9 ] a 3 ^mm^<D^*t^ti^h^mi5\P\^\^iiiX 

jsstc J: 5 X X t*^ + )vmmfSLmcx . 

TMcomScDKSiC-r-CiClO^ fg|/an' Btff^CDi^Pfi;S^^|l 

•7^>'VXrSSMi^<J:Aj:^xb*^ + >'-,.;u^k:>[+b. TH 
m^^uW^<D^^ (om^imii^^\:^x\,>tsi\.^c ti, ffiig-r 

[0 0 3 0 ] imM9n^ Jgln^?:>il0Qcnit/ct± 0.008 

QoncD. iffi^el^^s/c^ifi^g^n<D2acr>'^x-y^s^g;|:^ 



(5) 



1 1 - 1 8 9 4 9 3 



[0 03 I] Ctl^(D^:c-y^mm^. 3ppmCDCuCN 

(o^it^m^Ltc. 10 
^r. moxm^. a. b. ciUT^L/c3o©B#,^ 

mtm^mtcm^^htcm. iooo'ccctsbsk, nmm 
m%mmcxm,\ti.m 75nm <d¥- vmitm^fimz 

SOOnm ;i(DA 1 M^MWik. 450'C-C3O^CD^'> 
[0 0 3 3 ] g|5CC. A*fflrj^b/ctem 

Cti^C>(jOXQ''ttc{t 10" * atoms/cm^ (D^M ^b'-y'L 

A ^ tl i S . K - ^'MX^^lO" ' atoms/cm^ CD ig-^. 
*fblO^'atans/cm^riJ. ^Jffi«?iJ 1 CDS 2 CC^O/c J: ^ 30 



* ld''atoms/crt^(Dm^tmmWX$)^. COCtU. 
mm F - y'Mi^^ 10' ' atoms/cm' &i±$:)tl{t. ^ > V > 

[0 034] 

(TymwiMx h L mc c ^^m^^ ^ x t- ^ ^ 

:c - >r i j^j: § Ij >ma^^ff -i> C <b 

:^mmMm(<cxm^t^ < . ljo^ fey > ^ 'j > ^jssjmco # 

[m 2 ] o s F mm(Dm^^Mj7\^<D^mK mm f - 

(mm) mn^B^mo^^^^^^.^mx^^. 
mrmx$>^. 



imi 



ims] 










ST400mni 




MT700mm 



0 10 20 30 40 50 60 70 




0 10 20 30 40 50 00 70 
'>x->\tt3iDi^&a)ffitt {mm) 



(6) 



1 1- 1 8 9 4 9 3 



m2] 








K- 


■r 






H- 


y 




10^*atoms/cin^ 


K- 





0 200 400 eOO BOO 1000 
J|l|Saa>l>3 (mm) 



B 



start 



lOhr 















r\ i 























1000°C 
800°C 

eocc 



20hr 



[US] 














10^^atoms/cc K— ^ 




P/P- 


-H- 






P/P+ 


-B- 






P/P- 








pA>+ 




10*^atome/co K— T 




P/P- 




10'*atoma/cc K— 




p/p+ 



C7) 



«F6g¥ 1 1 - 1 8 9 4 9 3 



te«l*l¥»SI5?I:ltl3r>*c^±^J^Ba22Qi#ii!!ffi 



#M¥ 1 1-18 9 4 9 3 



[Ifetfa] ¥^1 3^3^ 1 3 a (2 0 0 1 . 3. 1 3) 

mmW-l 1 - 1 8 9 49 3 
C4>PgS] ¥0J?1 1¥7^1 30 (I 9 9 9. 7. 1 3) 

[^M^m] {^m^m^m 11-1395 

[W^S^] if#®l¥9 -3 58 5 5 7 

C30B 29/06 
HOIL 21/02 

20/20 

20/322 

20/36 

[F I ] 

C30B 29/06 A 
HOIL 20/02 B 
21/20 

20/322 Y 
21/36 



[ffiffia] ¥IS1 1^8^60 ( 1 9 99. 8. 6) 

[miEJ(mms^] 0012 

^m±rhCt (J^iaBS60-25119O^^$S) . 

immK(oi&r^m±r^ c t (i$m¥5-29478o^^ 
^m-^-hnm^. o s F «; ^^^m^mcmi't%mt± 



b/c. ^©M*. K":7'-r-2>S^(DS^10'' atoms/cm' 



